Introduction {#H1-1-IOI170138}
============

Shared decision making is a process that helps patients and clinicians align therapies with patients' values and preferences.[@ioi170138r1] This is particularly important for invasive therapies for life-threatening illness,[@ioi170138r2] such as left ventricular assist devices as destination therapy (DT LVADs). These devices are offered to patients with severe heart failure who are ineligible for cardiac transplantation. Placement of a DT LVAD can be life-prolonging, but also comes with considerable changes in lifestyle, need for caregiver support, and a high likelihood of complications.[@ioi170138r4] Unfortunately, for many major decisions involving newer medical technologies---including DT LVAD---education, consent, and shared decision-making processes are suboptimal.[@ioi170138r6] Current consent documents are too long and poorly written,[@ioi170138r8] industry materials tend to be biased,[@ioi170138r9] and clinicians often lack the skills to support high-quality decision making.[@ioi170138r11]

Patient decision aids are a form of decision support that standardize the information received by patients to support a shared decision-making process.[@ioi170138r12] Decision aids have been shown to improve knowledge and reduce decisional conflict.[@ioi170138r13] However, few tools have been developed to engage seriously ill patients in shared decision making,[@ioi170138r14] and until recently, none were available for LVAD.[@ioi170138r9] In addition, the effectiveness of decision aids in clinical practice is largely unknown and wide-scale implementation remains a substantial challenge.[@ioi170138r15]

In this context, we performed a series of studies exploring the decisional needs for patients and their caregivers considering DT LVAD.[@ioi170138r10] Based on this research and following the International Patient Decision Aid Standards (IPDAS), we developed pamphlet and video decision aids for patients and their caregivers considering DT LVAD.[@ioi170138r19] We aimed to study the effectiveness of these decision aids coupled with a clinician-directed support training through a multicenter, cluster-randomized, stepped-wedge design.

Methods {#H1-2-IOI170138}
=======

Design and Sites {#H2-1-IOI170138}
----------------

The Multicenter Trial of a Shared Decision Support Intervention for Patients and their Caregivers Offered Destination Therapy for End-Stage Heart Failure (DECIDE-LVAD) used a hospital-level, randomized phased roll out (stepped wedge) in 6 mechanical circulatory support (MCS) programs across the United States.[@ioi170138r20] This approach was chosen because the intervention engages clinicians and other program staff in addition to patients.[@ioi170138r22] The study was overseen by the institutional review board at the University of Colorado and approved by institutional review boards at all sites. The trial protocol is available in [Supplement 1](#note-IOI170138-1-s){ref-type="supplementary-material"}.

Study Participants {#H2-2-IOI170138}
------------------

Patient and caregiver dyads were enrolled from the 6 sites during a 20-month enrollment period. Patient eligibility criteria included age 18 years or older, end-stage heart failure, and active consideration for a DT LVAD. Eligible patients were identified by the study team at each site at the time a DT LVAD evaluation was initiated. This was triggered either by a preauthorization request to the patient's health insurance for LVAD evaluation or a provider's request for formal education about LVAD. Written informed consent was obtained from all study participants. Participants were compensated \$25 for completing surveys at each time point.

Intervention {#H2-3-IOI170138}
------------

The content and development of the decision aids is described separately[@ioi170138r19]; the pamphlet is available in [Supplement 2](#note-IOI170138-1-s){ref-type="supplementary-material"}**.**

All sites began in the control period using their existing materials during formal education. This process typically consisted of a patient teaching session with an MCS coordinator and use of industry pamphlets/videos and program-specific documents. At 4 stepped time intervals, programs were randomly assigned to cross over to the intervention. The decision support intervention included (1) delivery of a 2.5-hour clinician-directed decision support training and (2) use of the 26-minute video and 8-page pamphlet decision aids developed by our group.[@ioi170138r19] At the time of intervention implementation, staff directly involved in LVAD patient education and care were asked to attend a 60-minute grand rounds style presentation about shared decision making for DT LVAD, followed by a 90-minute coaching session that included demonstration and discussion of the decision aid materials.[@ioi170138r20] With facilitation by local physician champions, sites were then instructed to formally integrate the decision aids and tenets learned from the coaching session into existing education, decision making, and informed consent processes. The only requirements of sites around the use of the decision aids were that they be delivered by clinicians and not research staff. This design allowed for sites to implement the decision aids in a way that was most appropriate for that site; thus, local differences in how the intervention was delivered were possible.

Data Collection {#H2-4-IOI170138}
---------------

Data collection was the same during both control and intervention periods. For all patients meeting initial eligibility criteria, basic demographic and health status data were captured in the screening form. Enrolled participants were administered surveys ([Supplement 2](#note-IOI170138-1-s){ref-type="supplementary-material"}) at 4 time points: prior to formal LVAD education (baseline 1), immediately after formal education (baseline 2), 1 month after enrollment, and 6 months after enrollment. Baseline surveys were administered in person (with verbal assessments completed),[@ioi170138r23] whereas follow-up surveys were administered in person or through telephone or mail. Medical records were reviewed at enrollment, 1 month, and 6 months for relevant clinical information, outcomes, and adverse events. Decision aid use by individual patients was reported by clinical staff. All data were entered into a REDCap database by the individual sites.[@ioi170138r26]

Outcomes {#H2-5-IOI170138}
--------

The primary outcome was decision quality: the extent to which medical decision making reflects the considered preferences of a well-informed patient.[@ioi170138r13] As such, coprimary endpoints were chosen comprising the 2 main IPDAS domains of decision quality---knowledge and values-choice concordance.

A 10-item knowledge test was developed by the study team and validated by clinicians and patients. Consistent with the methods of Sepucha et al,[@ioi170138r29] the study team created a list of knowledge items based on clinical needs, local post-LVAD education standards, and needs assessment work with patients. We then surveyed patients, caregivers, MCS coordinators, and physicians to narrow the list and determine the key knowledge items and assure content validity. The acceptability of this measure was further assessed with patients and caregivers in a pilot of the trial protocol.[@ioi170138r20] Improvement in knowledge from baseline 1 to baseline 2 was a coprimary endpoint.[@ioi170138r30] A values scale was also developed, modeled after a well-accepted values evaluation tool.[@ioi170138r31] During previous needs assessment work,[@ioi170138r10] 1 value rose above all others in considering DT LVAD: maximizing chances of survival with aggressive medical care vs not. We developed a single-item, 10-tier Likert values measure using the dichotomy of "Do everything I can to live longer, even if that means having major surgery and being dependent on a machine" (score 1) vs "Live with whatever time I have left, without going through major surgery or being dependent on a machine" (score 10). Concordance between 1-month value score and patient-reported treatment choice (DT LVAD or medical treatment without LVAD) at 1 month was the other coprimary endpoint. Concordance between 1-month value score and actual treatment received by 6 months was also assessed.

Secondary outcomes included validated measures of decision conflict,[@ioi170138r32] decision regret,[@ioi170138r33] control preferences,[@ioi170138r34] illness acceptance,[@ioi170138r35] perceived stress,[@ioi170138r36] depression (Patient Health Questionnaire-2),[@ioi170138r37] and quality of life (EuroQol Visual Analogue Scale).[@ioi170138r38] Acceptability of the decision aids was also measured at baseline 2.[@ioi170138r39]

Analysis {#H2-6-IOI170138}
--------

We determined that a sample size of 168 participants with standard deviation of 18% would yield a power of 0.95 to detect an improvement in knowledge by 10%. We anticipated a dropout rate of 25% by 6 months based on expected death rates and other loss to follow-up.

We compared baseline characteristics between participants enrolled in the study to those screened but not enrolled using χ^2^ tests. We compared characteristics between those enrolled during the control period with those enrolled during the intervention period using χ^2^ tests and *t* tests.

To assess the change in patient DT LVAD knowledge over time, we fit a linear mixed model proposed for the analysis of stepped wedge designs.[@ioi170138r40] This model accounted for the repeated within-person measures, included a random effect for site and fixed effect indicators of intervention group and stepped wedge time period. This model adjusts for trends over time, assuming that changes occur similarly across all sites. Owing to differences observed at baseline, we included 2 covariate indicator variables: outpatient status and diagnosis of heart failure less than 4 years prior to enrollment. We evaluated whether the change in knowledge score (percent correct) between baseline 1 and baseline 2 was different between the control and intervention groups.

To assess values-choice concordance, we calculated the Kendall's τ correlation coefficient between the stated values score at 1 month and each of the treatment outcomes (patient-reported treatment choice at 1 month, actual treatment received at 6 months), and looked at the difference in this correlation coefficient by intervention group. To generate a confidence interval for this difference, we performed 500 bootstrap samples and calculated the 2.5th and 97.5th percentiles.

In analysis of secondary survey scores described previously and the LVAD implantation rates by intervention group, we applied the same mixed model methods described above. Owing to site differences in LVAD implantation rate and differences in location of patient enrollment over time, we performed separate sensitivity analyses accounting for each, as well as sensitivity analysis without including the site random effect. Missing data analyses can be viewed in [Supplement 2](#note-IOI170138-1-s){ref-type="supplementary-material"}.

All analyses were performed using SAS statistical software (version 9.4, SAS Inc).

Results {#H1-3-IOI170138}
=======

Patients {#H2-7-IOI170138}
--------

Between June 2015 and January 2017, of 385 patients who were actively considering a DT LVAD, 248 were enrolled ([Figure 1](#ioi170138f1){ref-type="fig"}). Compared with patients who were screened but not enrolled in the study, enrolled patients were more likely to be white non-Hispanic (75.8% vs 63.9%, *P* = .03); other demographics and clinical status were not different between the 2 groups.

![Screening and Enrollment Flow Diagram](jamainternmed-178-520-g001){#ioi170138f1}

Patients in the intervention period were more likely to be enrolled as outpatient (31% vs 17%, *P* = .007) and to have been diagnosed with heart failure less than 4 years prior (29.8% vs 18.2%, *P* = .03) than those enrolled in the control period. See [Table 1](#ioi170138t1){ref-type="table"} for other demographic information.

###### Participant Baseline Characteristics

  Characteristic                                                                          No. (%)      
  --------------------------------------------------------------------------------------- ------------ -------------
  Age, mean (SD), y[^b^](#ioi170138t1n2){ref-type="table-fn"}                             63.5 (9.7)   63.2 (10.2)
  Sex, male                                                                               111 (82.2)   98 (86.7)
  Race/ethnicity[^c^](#ioi170138t1n3){ref-type="table-fn"}                                             
  White, non-Hispanic                                                                     102 (79.1)   86 (82.7)
  Black                                                                                   19 (14.7)    12 (11.5)
  Other                                                                                   8 (6.2)      6 (5.8)
  Some college or more                                                                    74 (56.4)    72 (69.2)
  Receiving disability                                                                    35 (27.6)    33 (32.0)
  Annual household income \<\$40 000                                                      64 (51.6)    37 (40.2)
  Married                                                                                 95 (72.5)    68 (65.4)
  First diagnosed with heart failure                                                                   
  Within past 2 years                                                                     15 (11.9)    12 (12.4)
  2-4 years                                                                               9 (7.1)      19 (19.6)
  4 or more years                                                                         102 (81.0)   66 (68.0)
  INTERMACS score                                                                                      
  1                                                                                       5 (4.3)      8 (7.9)
  2-3                                                                                     89 (77.4)    48 (47.5)
  4-7                                                                                     21 (18.3)    45 (44.6)
  Comorbidities[^d^](#ioi170138t1n4){ref-type="table-fn"}                                              
  Peripheral vascular disease                                                             7 (5.2)      4 (3.5)
  Major stroke                                                                            2 (1.5)      0 (0)
  Severe diabetes                                                                         12 (8.9)     11 (9.7)
  Chronic renal disease                                                                   31 (23.0)    23 (20.4)
  Pulmonary disease                                                                       12 (8.9)     4 (3.5)
  Liver dysfunction                                                                       6 (4.4)      5 (4.4)
  History of solid organ or blood cancer                                                  10 (7.4)     8 (7.1)
  History of alcohol or illicit drug use                                                  13 (9.6)     12 (10.6)
  Enrollment location                                                                                  
  Outpatient                                                                              23 (17.0)    35 (31.0)
  Inpatient (non-ICU)                                                                     83 (61.5)    48 (42.5)
  ICU                                                                                     29 (21.5)    30 (26.5)
  Cognitive Function (SPMSQ) Score, mean (SD)[^e^](#ioi170138t1n5){ref-type="table-fn"}   0.7 (1.5)    0.7 (1.2)
  Intact functioning                                                                      123 (93.9)   94 (93.1)
  Mild impairment                                                                         5 (3.8)      6 (5.9)
  Severe impairment                                                                       3 (2.3)      1 (1.0)
  Literacy (REALM-R) Score, mean (SD)[^f^](#ioi170138t1n6){ref-type="table-fn"}           6.93 (1.9)   6.95 (2.0)
  At risk for poor literacy                                                               30 (23.4)    27 (26.7)
  Subjective Numeracy Score, mean (SD)[^g^](#ioi170138t1n7){ref-type="table-fn"}          4.0 (1.1)    4.2 (1.1)

Abbreviations: ICU, intensive care unit; INTERMACS, Interagency Registry for Mechanically Assisted Circulatory Support; REALM-R, rapid estimate of adult literacy in medicine, revised; SPMSQ, short portable mental status questionnaire.

Some participants refused to answer certain demographic questions; the following items had missing data: race/ethnicity (n = 15), education (n = 13), disability status (n = 18), income (n = 32), marital status (n = 13), heart failure diagnosis timing (n = 25), SPMSQ (n = 16), REALM-R (n = 19), Numeracy Score (n = 14).

Reported from patient medical record.

Patient-reported from survey.

Used from INTERMACS preimplant data collection form, section "Concerns and Contraindications."

Number of incorrect answers out of 10 questions.

Number of correctly read words out of 8 listed.

Range of 1 to 6, higher numeracy toward 6.

Exposure to and Impression of Decision Support Materials {#H2-8-IOI170138}
--------------------------------------------------------

In the control period, patients most often received site-specific consent forms, locally made documents, and industry pamphlets/videos during formal education. In the intervention period, 94.7% of patients received the decision aid (99 patients received both pamphlet and video, 2 received pamphlet only, 6 received video only, and 6 received neither); 3 of the 6 sites stopped using industry pamphlets/videos labeled as decision making materials. Patient-reported acceptability of the educational materials was not significantly different between the control and intervention periods.

Decision Quality: Knowledge and Values-Choice Concordance {#H2-9-IOI170138}
---------------------------------------------------------

Patient knowledge (mean test performance) during the decision-making period improved from 59.5% to 64.9% in the control group vs 59.1% to 70.0% in the intervention group (difference of difference, 5.5%; *P* = .03) ([Figure 2](#ioi170138f2){ref-type="fig"}).

![Primary Outcome, Decision Quality\
LVAD indiciates left ventricular assist device. Decision quality measured by improved knowledge following the education and consent process and concordance between patient values and treatment choice at 1 month after initiation of evaluation for LVAD.](jamainternmed-178-520-g002){#ioi170138f2}

Patient values on the 10-tier Likert scale were generally in the direction of more aggressive care to maximize survival (ie, closer to 1): control period baseline 1 score mean of 2.19 (standard error \[SE\], 0.26); 1-month, 2.37 (SE, 0.28); 6-month, 3.12 (SE, 0.33); intervention period baseline, 2.98 (SE, 0.30); 1-month, 3.33 (SE, 0.32); 6-month, 3.65 (SE, 0.39); adjusted overall difference *P* = .06 ([Table 2](#ioi170138t2){ref-type="table"}).

###### Outcomes

  Outcome                                                                                                   Visit                                            Control (n = 132)   Intervention (n = 104)   *P* Value
  --------------------------------------------------------------------------------------------------------- ------------------------------------------------ ------------------- ------------------------ -----------
  Knowledge score, percent correct (10-item test), mean (SE), %[^a^](#ioi170138t2n1){ref-type="table-fn"}   BL1                                              59.5 (1.9)          59.1 (2.2)               .92
  BL2                                                                                                       64.9 (1.8)                                       70.0 (2.1)          .09                      
  1 mo                                                                                                      67.8 (1.9)                                       66.4 (2.3)          .64                      
  6 mo                                                                                                      68.6 (1.8)                                       67.1 (2.2)          .63                      
  Values score (scale 1-10), mean (SE)[^b^](#ioi170138t2n2){ref-type="table-fn"}                            BL1                                              2.19 (0.26)         2.98 (0.30)              .06
  1 mo                                                                                                      2.37 (0.28)                                      3.33 (0.32)         .03                      
  6 mo                                                                                                      3.12 (0.33)                                      3.65 (0.39)         .32                      
  Treatment choice, "wanted LVAD," No. (%)[^c^](#ioi170138t2n3){ref-type="table-fn"}                        1 mo[^d^](#ioi170138t2n4){ref-type="table-fn"}   95 (92.2)           47 (61.0)                \<.001
  6 mo[^e^](#ioi170138t2n5){ref-type="table-fn"}                                                            88 (90.7)                                        46 (69.7)           .01                      
  Treatment received, LVAD, No. (%)[^f^](#ioi170138t2n6){ref-type="table-fn"}                               6 mo                                             110 (83.3)          54 (52.4)                \<.001
  HeartMate II[^f^](#ioi170138t2n6){ref-type="table-fn"}                                                    6 mo                                             68 (61.8)           22 (40.7)                .02
  HeartMate 3[^f^](#ioi170138t2n6){ref-type="table-fn"}                                                     6 mo                                             29 (26.4)           22 (40.7)                .02
  HVAD[^f^](#ioi170138t2n6){ref-type="table-fn"}                                                            6 mo                                             10 (9.1)            10 (18.5)                .02
  Decision conflict part b score (0-100), mean (SE)[^g^](#ioi170138t2n7){ref-type="table-fn"}               BL1                                              20.2 (1.99)         23.4 (2.24)              .28
  BL2                                                                                                       16.5 (1.95)                                      18.4 (2.23)         .52                      
  1 mo                                                                                                      15.5 (1.89)                                      17.9 (2.17)         .42                      
  6 mo                                                                                                      15.4 (1.89)                                      14.2 (2.21)         .67                      
  Decision regret score (0-100), mean (SE)[^h^](#ioi170138t2n8){ref-type="table-fn"}                        1 mo                                             14.3 (2.15)         17.9 (2.84)              .37
  6 mo                                                                                                      12.1 (2.28)                                      19.1 (2.96)         .09                      
  Control preferences scale (preferred), active role, No. (%)[^i^](#ioi170138t2n9){ref-type="table-fn"}     1 mo[^d^](#ioi170138t2n4){ref-type="table-fn"}   90 (86.6)           71 (89.8)                .87
  6 mo[^e^](#ioi170138t2n5){ref-type="table-fn"}                                                            85 (86.7)                                        61 (92.4)           .70                      
  Control preferences scale (actual), active role, No. (%)[^j^](#ioi170138t2n10){ref-type="table-fn"}       1 mo[^d^](#ioi170138t2n4){ref-type="table-fn"}   91 (87.5)           66 (83.6)                .81
  6 mo[^e^](#ioi170138t2n5){ref-type="table-fn"}                                                            84 (85.8)                                        59 (89.4)           .95                      
  PEACE: acceptance of illness score (5-20), mean (SE)[^k^](#ioi170138t2n11){ref-type="table-fn"}           BL1                                              17.5 (0.26)         17.1 (0.31)              .44
  1 mo                                                                                                      17.4 (0.27)                                      17.4 (0.32)         .90                      
  6 mo                                                                                                      17.5 (0.28)                                      18.2 (0.34)         .18                      
  PEACE: struggle with illness score (7-28), mean (SE)[^l^](#ioi170138t2n12){ref-type="table-fn"}           BL1                                              14.0 (0.42)         13.1 (0.50)              .25
  1 mo                                                                                                      13.6 (0.47)                                      12.9 (0.57)         .41                      
  6 mo                                                                                                      12.9 (0.50)                                      12.0 (0.62)         .29                      
  Perceived stress score (0-40), mean (SE)[^m^](#ioi170138t2n13){ref-type="table-fn"}                       BL1                                              16.1 (0.68)         14.1 (0.81)              .09
  6 mo                                                                                                      12.6 (0.82)                                      11.9 (1.03)         .61                      
  Patient Health Q-2 Score (0-6), mean (SE)[^n^](#ioi170138t2n14){ref-type="table-fn"}                      BL1                                              1.80 (0.21)         1.56 (0.24)              .47
  1 mo                                                                                                      1.64 (0.23)                                      1.39 (0.26)         .47                      
  6 mo                                                                                                      1.06 (0.21)                                      0.97 (0.25)         .80                      
  EuroQol visual analogue scale (0-100), mean (SE)[^o^](#ioi170138t2n15){ref-type="table-fn"}               BL1                                              44.6 (2.69)         48.6 (3.07)              .36
  1 mo                                                                                                      64.3 (2.67)                                      60.5 (3.13)         .38                      
  6 mo                                                                                                      69.6 (2.57)                                      68.8 (3.07)         .86                      

Abbreviations: BL1, baseline 1 survey; BL2, baseline 2 survey; PEACE, peace, equanimity, and acceptance in the cancer experience; SE, standard error; 1 mo, 1-month follow-up; 6 mo, 6-month follow-up.

10-item measure assessing knowledge of DT LVAD, number of correct answers.

Likert scale of 1 to 10, with 1 being "Do everything I can to live longer, even if that means having major surgery and being dependent on a machine" and 10 being "Live with whatever time I have left, without going through major surgery or being dependent on a machine."

Patient-reported treatment decision of "I wanted the DT LVAD and decided to get it" and "I first decided not to get the DT LVAD but then decided I wanted it."

Missing 1-month surveys: 31 (23%) in control group and 34 (30.1%) in intervention group.

Missing 6-month surveys: 37 (27.4%) in control group and 46 (40.7%) in intervention group.

Medical record report at 6 months on patients' treatment received, LVAD or no LVAD.

16 Items, scoring 0 to 100 with higher score indicating greater decisional conflict.

5 Items, scoring 0 to 100 with higher score indicating greater decision regret.

1 Item assessing preferred control in decision making, "active role" includes answers of "I prefer to make the final selection about which treatment I will receive," "I prefer to make the final selection of my treatment after seriously considering my doctor's opinion," or "I prefer that my doctor and I share responsibility for deciding which treatment is best."

1 Item assessing actual control in decision making, "active role" includes answers of "I made the final selection about which treatment I would receive," "I made the final selection of my treatment after seriously considering my doctor's opinion," or "My doctor and I shared responsibility for deciding which was treatment best for me."

Questions 1 through 5 of 12 items, scoring 5 to 20 with higher score indicating greater acceptance of illness.

Questions 6 through 12 of 12 items, scoring 7 to 28 with higher score indicating greater struggle with illness.

10 Items, scoring 0 to 40 with higher score indicating greater stress.

2 Items, score of 0 to 6 with higher score indicating greater depression.

1-Item scale, score of 0 to 100 with 0 being "worst imaginable health state" and 100 being "best imaginable health state."

At 1 month, patient-reported treatment choice favored LVAD more in the control group than the intervention group: "wanted LVAD and decided to get it" 78.8% control, 54.4% intervention; "first decided not to get the DT LVAD but then decided he/she wanted it" 12.5% control, 5.1% intervention; "decided not to get LVAD" 1.0% control, 7.6% intervention (overall *P* \< .001).

Concordance between stated values and patient-reported treatment choice (eg, values score closer to 1 combined with "wanted LVAD") at 1-month was higher in the intervention than in the control group (Kendall's τ correlation coefficient: control 0.17, intervention 0.48 (difference in correlation control to intervention, 0.28; 95% CI, 0.05-0.45; *P* = .01) ([Figure 2](#ioi170138f2){ref-type="fig"}). Patient-reported treatment choices were stable from 1 month to 6 months ([Table 2](#ioi170138t2){ref-type="table"}).

By 6 months, 110 (83.3%) (adjusted rate, 79.9%) patients in the control group and 54 (52.4%) (adjusted rate, 53.9%) patients in the intervention group had undergone LVAD implantation (*P* = .008), with significant differences among sites ([Figure 3](#ioi170138f3){ref-type="fig"}). The medical team decided the patient was not eligible for a DT LVAD in 11 (8.3%) control and 25 (24.3%) intervention patients (*P* \< .001). Concordance between stated values at 1 month and actual treatment received by 6 months (in contrast to the 1-month patient-reported treatment choice above) was the same in both the control and intervention groups (Kendall's τ correlation coefficient: intervention, 0.26; control, 0.27; difference in correlation control to intervention: 0.01; 95% CI, −0.24 to 0.25; *P* = .97).

![LVAD Implant by 6 Months\
Abbreviation: LVAD, left ventricular assist device.](jamainternmed-178-520-g003){#ioi170138f3}

Secondary Outcomes {#H2-10-IOI170138}
------------------

At baseline and follow up, decision conflict, decision regret, control preferences, illness acceptance, stress, depression, and quality of life were not significantly different between the control and intervention groups ([Table 2](#ioi170138t2){ref-type="table"}).

Sensitivity Analyses {#H2-11-IOI170138}
--------------------

When individual sites were removed from the analysis or when the analysis was restricted only to those enrolled in the inpatient setting, the primary knowledge and values-choice concordance findings remained significantly in favor of the intervention period. In sensitivity analysis of the knowledge score that did not include the site random effect, our findings remained the same. Missing data can be viewed in [Supplement 2](#note-IOI170138-1-s){ref-type="supplementary-material"}.

Discussion {#H1-4-IOI170138}
==========

The DECIDE-LVAD trial offers unique insights into one of the most challenging medical decisions created by modern medicine. Rather than test the efficacy of decision support tools administered by research personnel in a patient-randomized trial, this study used a pragmatic effectiveness design to assess how programmatic integration of decision aids and clinician training into standard processes of care may influence DT LVAD decision making.[@ioi170138r22] Through its conduct, DECIDE-LVAD created one of the largest prospective LVAD-eligible cohorts,[@ioi170138r4] enrolling most of the patients considered for DT LVAD during the study period, from 6 geographically diverse sites, and nearly a quarter from intensive care. In this context, the intervention was associated with better decision quality.

Decision support studies most commonly measure knowledge and decision conflict as the primary outcomes.[@ioi170138r13] However, central to a high-quality decision is whether the choice matches the patient's values, goals, and preferences. Knowledge alone is insufficient to guarantee high-quality decision making, particularly for emotionally charged decisions around life and death.[@ioi170138r41] Similarly, nudging patients in fear and denial to address life-threatening situations---rather than providing them with false reassurances---may transiently increase feelings of conflict, anxiety, and even regret.[@ioi170138r42] Thus, it is not surprising to us that DECIDE-LVAD intervention did not reduce conflict at 1 month; we predicted this a priori.[@ioi170138r43] In contrast, we leveraged the dominant value that emerges when considering DT LVAD (ie, aggressive care to optimize survival chances vs not) and found that the intervention was associated with improved concordance between stated values and patient-reported treatment choice. This did not translate to improved concordance between stated values and actual treatment received, perhaps because DT LVAD implantation is influenced by a wide range of factors (eg, medical eligibility, presence of an adequate caregiver), many of which are not in the patient's control.

The site-based intervention with a randomized stepped wedge roll out distinguishes the DECIDE-LVAD study from most other assessments of shared decision making. Despite strong efficacy data, uptake of decision aids in routine practice has been slow.[@ioi170138r16] To be successful, decision support tools must integrate easily into existing care and facilitate necessary discussions. Leveraging the formal consent and education process for LVAD, we were able to implement the DECIDE-LVAD intervention into this existing structure, while observing the programmatic transitions in all 6 sites over time. Given the importance of widespread adoption of shared decision making, pragmatic studies such as this one are needed to address real-world complexities and implementation challenges. The decrease in device implantation rates from control to intervention in 5 of the 6 sites supports the ability to influence institutional culture and decision-making processes related to major medical interventions.[@ioi170138r44]

Unlike most prospective studies in MCS that follow patients from the time of implant, the DECIDE-LVAD study moved upstream to follow the entire population of patients formally considered for DT LVAD.[@ioi170138r45] By focusing on a choice rather than a specific therapy (ie, only those who have received an LVAD), DECIDE-LVAD expands insights into the patients, experiences, and processes that lead up to decisions about device implantation.[@ioi170138r47] We found that a significant number of patients facing high morbidity and mortality from heart failure decline DT LVAD in favor of avoiding aggressive therapies. The declination rates reported here are among patients who have agreed to undergo formal evaluation; thus, we suspect that DT LVAD declination may be more prevalent in the broader community.[@ioi170138r48] This is concordant with prior work showing diversity in the relative emphasis patients place on quality vs quantity of life, even when actively facing life-threatening illness.[@ioi170138r17] It also reinforces DT LVAD as a relatively preference-sensitive decision.

Limitations {#H2-12-IOI170138}
-----------

A number of limitations should be recognized. First, missing data were somewhat frequent and concentrated among the group of patients who did not undergo implantation of DT LVAD. Death was the most common cause of missing data, followed by withdrawal from the study, both of which are common in studies targeting patients with life threatening illness. Our missing data rates are comparable to similar study types,[@ioi170138r43] and our models adjusted for missing data as much as possible. Second, time trends in rapidly evolving fields are particularly problematic for the stepped wedge design.[@ioi170138r21] Fortunately, device technology was relatively stable between 2015 and 2017 and durable LVAD implant rates across the US plateaued somewhat during this period.[@ioi170138r48] Third, the phased implementation randomized the site with the lowest LVAD implant rate to spend the most time in the intervention and the site with the highest LVAD implant rate to spend the most time in the control. Linear mixed models accounting for site effects and sensitivity analyses were used to explore and diminish these differences for the patient-based effectiveness outcomes, but do not necessarily fully account for such effects.[@ioi170138r40] Finally, the population was mostly white males. Although enrollees were 12% more likely to be white than those excluded, the final study cohort reflects contemporary use of LVADs in the United States.[@ioi170138r50] This bias makes it difficult to extrapolate the findings here to decision making for women and underrepresented races/ethnicities.

Conclusions {#H1-5-IOI170138}
===========

A shared decision-making intervention for patients considering DT LVAD---implemented programmatically, integrating novel patient decision aids, and including clinician training---was associated with a significant improvement in knowledge and an increase in concordance between stated values and patient-reported treatment choice. Although these changes did not translate to improvements in concordance between stated values and actual treatment received, patients were less likely during intervention than control to proceed to LVAD implant. These results suggest that institutional culture and processes can influence medical decisions in life-threatening illness.
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**eAppendix 1.**Pamphlet. A decision aid for Left Ventricular Assist Device (LVAD) as Destination Therapy
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**eAppendix 3.**Missing Data. Flow of information through the different phases of the review

**eTable.**Participant Characteristics by Missing Primary Knowledge (at Baseline 1 and Baseline 2) and Values (at

1-Month) Outcomes

###### 

Click here for additional data file.
